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Executive Summary
This report contains papers presented at a forum which was arranged to review progress
made to date and set priorities for the 5th to 7th years of the Rice CRC Program 2.3.
Professor Ross Welch, Chief Scientist with the USDA-ARS was a guest speaker and
external reviewer for this assessment.
The presentations included reports on completed projects, on work in progress in  projects
2.3.1, 2.3.2 and 2.3.3, and on relevant work now in progress by CRC scientists in other
programs and by Industry scientists.
The papers in this report have been reproduced largely as presented on the day and readers
who need more information should contact the authors directly (email addresses are
included in the list of delegates).
The review has highlighted the non-sustainability of rice production.  Under current
management practices, rice is mining soil N, P, K, and trace element reserves and is partly
responsible for the accumulation of sodium in the profile.  Burning of rice crop stubble is
exacerbating the impact of rice production on soil nutrient reserves.
The nutrient pools in the soil now clearly reflect the impact of rice production, especially on
farms which have grown 20 to 30 rice crops since rice was first cultivated in the MIA 75
years ago.  Field experiments have demonstrated that yields of some crops are being
constrained by P and Zn deficiencies, irrespective of high rates of nitrogen application.
Plant nutrient management has implications for grain quality.  Nutrient concentrations are now
available for Australian brown and white rice.  These provide a valuable basis on which to
compare data from overseas, local field and controlled environment studies.
Program 2.3 has supported several studies on the micronutrient content of rice in the field and
controlled environments.  There has been an increased interest in trace elements in grain from
consumers and human nutritionists.  It was emphasized by Professor Welch that CRC
Program 2.3 studies which address the links between nutrition and quality are very relevant.
The macro and micro nutrient data also provided a basis for the discussion on the likely cause
of the rice plant disorder known as straighthead.  In addition to the yield loss caused by this
problem, there are further implications for grain quality.
Following the formal presentations, the topics of the review were summarized by Dr Lindsay
Campbell who also highlighted some of the gaps in current knowledge of the rice system.
This was followed by an evaluation of the program by Professor Ross Welch who also
presented a general seminar titled “Harnessing the Power of Agriculture to Improve
Human Health in Sustainable Ways”.  The day concluded with a general discussion of key
issues that led to the conclusions and recommendations for future research within the Rice
CRC.
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Conclusions
This review has drawn attention to the following aspects of rice nutrition and grain
quality that may impact on the sustainable production of quality rice -
1.  The decline in soil available nutrients to the point that yields will not be sustainable in
some rotations without inputs of P, N and Zn, possibly Cu and in the future, K.  Soil pH
has declined to the point that it is likely to be reducing plant yields of non-rice crops
grown in the system.  In essence, this is an indication of the priority for future research.
2. Stubble burning accelerates the rate of loss of carbon; nitrogen and plant-essential
nutrients from the system and when environmental issues are considered must be
regarded as a priority area for future studies.
3. There are links between soil redox (and possibly copper) and the disorder straighthead
which causes poor yields, changes grain nutrient concentrations and possibly grain
quality.  If the visible symptoms are linked with hidden hunger in other parts of the crop
then the problem is more serious than previously thought.
4. There is now evidence that soil salinity and or sodicity impact on crop production, P
requirements and possibly Zn and grain quality.  As salinisation is expected to increase,
its impact needs to be clarified.
5. Responses by the rice plant to respond to external applications of trace elements, such
as iron and zinc, suggest that these elements, which are essential for human nutrition,
deserve further study.
Recommendations
1. Evaluate the ability of multi-element soil tests (eg, Mehlich III) to identify soils of
low fertility.
2. Define the management options which will encourage stubble retention without the
associated problems of nitrogen tie up and straighthead disorder.
3. Assess the links between stubble retention, trace elements and straighthead.
4. Define the impacts of salinity and sodicity on crop nutrient requirements, grain yield
and grain quality.
5.  Confirm the natural variation in trace element levels in rice genotypes and responses
to foliar applications of Fe and Zn.
6. Publish baseline data for the Australian rice industry to use when preparing realistic
limits for heavy metals in brown and white rice.
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Cooperative Research Centre for Sustainable
Rice Production
Dr LG Lewin Dr Ian Davidge, AO
Director Chairman
c/- Yanco Agricultural Institute 66 Langley Crescent
Private Mail Bag GRIFFITH   NSW   2680
YANCO   NSW   2703 Phone:  (02) 69621065
Phone:   02 6951 2713 Fax:       (02) 69625898
Fax:       02 6951 2533 Mobile:  0429 631321
Email: crc.rice@agric.nsw.gov.au
9 April, 2001
Prof. Graeme Batten
Leader
Sub-Program 2.3
Dear Graeme
I am disappointed that I cannot be with you at the meeting to review Sub-Program 2.3 on
10th April.  I would prefer to be part of your workshop than taking part in yet another
discussion on sustainable rivers, even though it is important to our future.
It is also true, however, that we must consider the nutritional aspect of rice production with an
understanding of the effects on rice growth, quality and human nutrition.  This is an area that
has not always received the priority it deserves and is a reason that I consider that Sub-
Program 2.3 has restored some focus.
We are now in our fourth year of the CRC and are beyond the halfway point.  The focus is
shifting from "what we will do" to "what achievements have we made".  We are also starting
to think about the shape of a potential new bid.
At least part of any new bid will be the development of new products and the building of
market potential.  There is increasing interest on nutritional aspects of rice and the influence
this may have on new products and new market opportunities.  This has been stimulated by
the work of IRRI on nutritional aspects and by the publicity surrounding "golden rice".
Nutritional aspects could well be important in future marketing strategies.  I do encourage you
to think about these areas in your discussions.
All CRC's have the development of cooperative arrangements and provision of education
opportunities - both formal and informal, as part of their charter.  To this end, I congratulate
you and the participants of your Sub-Program as a clear example of both objectives.
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I welcome Ross Welch to Yanco Agricultural Institute and to the Rice CRC.  I know he has
been involved in some very valuable work on nutrition and human health.  He will be
important in the discussions to shape the future of your Sub-Program and indeed, in all rice
based nutritional studies whether funded by the CRC or by others.  I hope that Ross finds the
experience useful and that he is able to gain something through his visits to this area.
I wish you well with the workshop.  Although I cannot be with you, please be assured that I
understand the significance of the day.
Kind regards
Laurie Lewin.
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 RICE CRC SUB-PROGRAM 2.3 MEETING
VENUE: Yanco Agricultural Institute, Conference Room 1
DATE: Tuesday 10th April 2001
Introduction
9.00 Welcome to Rice CRC and Brief update of recent developments
Laurie Lewin, Director Rice CRC (laurie.lewin@agric.nsw.gov.au)
9.10 Aims of this Review Session and A Nutrient Budget for Australian Rice.
Graeme Batten, Leader Program 2. (gbatten@csu.edu.au)
9.25 Impacts of stubble burning and stubble incorporation on the sustainability of
rice production. Clive Kirkby, CSIRO, Land & Water
(clive.kirkby@grf.clw.csiro.au)
12.15 Changes in Soil Fertility under rice cropping
Harnam Gill, Leader CRC Project 2.1.03 (harnam.gill@agric.nsw.gov.au)
12.15 Field responses to P and Zinc in rice.
Yash Dang, INCITEC Fertilizers Ltd  (yash.dang@incitec.com.au)
10.25 - 10.40 Coffee Break. 
10.40 Inducing straighthead in the glass house
Robert Williams, NSW Agriculture (robert.williams@agric.nsw.gov.au)
10.55 Minerals in grain of Australian rice and in samples affected by “straighthead”
Phillip Williams, Leader CRC Project 2.3.03
(PWilliams@ricegrowers.com.au)
11.25 Minerals in grains matured in the panicle culture system.
Tina Dunn, CRC Project 2.3.02 (tina.dunn@agric.nsw.gov.au)
11.40 Fe and Zn manipulation in Australian rice. 
Rob Duncan, CRC Postgraduate student (Now with Heritage
Seeds)(rob@heritageseeds.com.au)
12.00 Implications of minerals to healthy rice crops
Lindsay Campbell. CRC Project 2.3.04
(Lindsay.Campbell@cropsci.usyd.edu.au)
12.15 Lunch in College Dining Room at 12.15
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1.15 – 2.00 Impressions and suggestions for future research
Ross Welch, Plant Physiologist (USDA-ARS U.S. Plant, Soil & Nutrition
Laboratory) and Professor of Plant Nutrition (Dept. of Crop and Soil
Sciences, Cornell University, Ithaca NY
2.00 –3.15 Strategic planning discussion for years 4 to 7 of the current Rice CRC
Program 2.3
3.15 – 3.30 Coffee
3.30- 4.30 YAI Seminar to all YAI Staff
"Harnessing the Power of Agriculture to Improve Human Health in
Sustainable Ways" by Professor Ross Welch
POSTERS:
1. Batten, Marr, Williams and Farrell, Mineral concentrations in Australian and
overseas brown rice genotypes, Brisbane Nutrition Meeting, 1999
2. Batten, Dunn, Slack and Steer Composition of Grains from cultured wheat
heads. Cereal Chemistry Conference 1999.
3. Batten, Reuter, Unkovich and Kirkby,  A Preliminary Nutrient Audit of the
Australian Rice Industry.  Agronomy Conference 2001.
4. Batten and Marr.  Cereal Chem 1999 poster
5. Robin Troldahl.  Straighthead disorder in rice
Other Delegates attended
Anne Sheldrick
Jan Hubatka
Russell Ford
Peter Sheppard
Belinda Lake
Tim Farrell
Robyn Troldahl
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“Aims of this
Review Session and
A Nutrient Budget
for Australian Rice”
Dr Graeme Batten, Professor of Irrigation and Leader of the Rice CRC Program 2
Faculty of Science and Agriculture
Charles Sturt University, Wagga Wagga
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Aims of Rice CRC Program 2
• An improved understanding of  the changes in
soils used to grow rice
• an enhanced understanding of the ability of the
rice plant to respond to changes in its
environment, particularly at the reproductive stage
• the development of tools that can be used to
monitor soils, the rice plant and its environment
• decreased dependence on agricultural chemicals
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Nutrient requirements for an Australian rice crop
Graeme  Batten1 , Doug Reuter2, Murray Unkovich3, Clive Kirkby4 and Kate Marr5
1 School of Agriculture and Cooperative Centre for Sustainable Rice Production ,
Charles Sturt University, Wagga Wagga, NSW, 2678
2CSIRO, Land & Water, Private Bag 2, Glen Osmond, SA, 5064
3Victorian Institute for Dryland Agriculture, Mallee Research Station, Private Bag
1 Walpeup, Victoria 3507
4CSIRO, Land & Water, PMB 3, Griffith, NSW 2680,
5NSW Agriculture, Yanco Agricultural Institute, PMB Yanco NSW 2703.
SUMMARY
The nutrient balance sheet, for a rice crop which was grown with 13.3 ML water/ha, average
inputs of seed and fertiliser, achieved a yield of 9.3 t/ha, then the stubble burned, indicates -
- large negative balances for the elements N, P and K. Nitrogen fertilizer inputs and a
contribution from the soil organic matter reserves ensure that yields are maintained.
Large additions of P are required, either to each rice crop, or to the pastures or other
crops in a rice-based rotation, to reduce the impact of rice on soil P.  Losses of K
are very large if stubbles are burnt, but as yet no K deficiencies have been reported
for rice in Australia.
- positive balances for the elements Na, S, Mg and Ca.  Irrigation waters make
significant contributions of these elements to the rice system.
The long-term maintenance of soil nutrient reserves will require an understanding of the role of
pastures to maintain soil nitrogen reserves, and the impact of burning of stubble on the losses
of macro and micro elements.
INTRODUCTION
The Australian Rice Industry started in southern NSW in 1925 and has shown continued
growth in area sown, crop yield and hence total production throughout its history.  Yields per
hectare of rice in southern Australia are amongst the highest in the world (Fig.1).  Australian
farmers produce over one million tonnes of paddy rice each year from about 150 thousand
hectares of land.  At present, 10 commercial rice varieties are grown.  Average yields for the
variety Amaroo grown in the northern Murrumbidgee Irrigation Area have exceeded 10
tonnes per hectare in several years, with individual producers attaining yields as high as
15t/ha.  These high yields result in significant removal of plant essential elements.
DATA USED TO PREPARE THE BALANCE SHEET
Nutrient inputs and removal were determined for the 1998-1999 season crop which achieved
an industry average yield of 9.3 tonne / Ha (paddy at 14% moisture).  Nutrients applied as
fertilizer were calculated using information supplied by rice growers who utilized the NIR
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Tissue Testing Service operated by Ricegrowers’ Co-operative Limited1,2. This represents a
survey of over 40% of rice producers.  Average concentrations of nutrients in irrigation water
for the summers of 1998 and 1998 at the Narrandera regulator and the Sturt Canal at offtake
were supplied by Murrumbidgee Irrigation Limited, Leeton.  The average use of irrigation
water was taken as 13.3 ML/Ha based on data supplied by Murray and Murrumbidgee
Irrigation Limited.  Nutrients in grain and stubble were provided from published data for
Australian rice crops3,4.   Nutrients input in seed were calculated using seeding rate data
taken from RiceCheck records for the 1998-1999 crop (John Lacy personal
communication).  Losses due to stubble burning were estimated using data summarised by
Kirkby5.  The calculated losses assume that none of the nutrients carried into the atmosphere
as ash are returned to farm.  No allowance has been made for the small inputs of minerals in
the annual rainfall of 400- 450mm.
Losses of fertilizer nitrogen, to denitrification and ammonia volatilisation, were estimated at
35% from the work of Bacon and Heenan6 and Simpson et al.7. These data were used to
calculate the nutrient budgets presented in Table 1.
The Balance Sheet
The macro elements N, P and K are clearly the major elements being exported from rice soils.
Nitrogen is applied at rates which optimise grain yield.  The largest responses to nitrogen
fertilizer are obtained when the nitrogen is applied just before the crop is planted or immediately
prior to the permanent water being applied. Currently there is no reliable soil test to assist rice
growers decide how much nitrogen to apply at this time.  Applications of nitrogen, usually at the
panicle initiation stage of crop development, can be economical.  The Ricegrowers’ Co-
operative Limited operate a shoot tissue testing service in December –January to analyse shoot
samples
to check if crops have accumulated adequate nitrogen to achieve the yield potential of the
variety with respect to water management and seasonal conditions1,2.  However, it is clear
from the data in Table 1 that fertilizing for optimum yield assumes that significant amounts of
nitrogen will be drawn from soil reserves.
At harvest the rice grain is responsible for the export of 23.1Kg P/Ha compared to 3.6 Kg P
applied in fertilizer.  This is clearly unsustainable and soil data by Gill et al. (2001,
unpublished) confirms that the “available” P pool in soils used to grow rice is rapidly
depleted.  Some ricegrowers who grow 5 or more consecutive crops of rice now apply up to
20 Kg P/Ha (Batten et al. unpublished survey, based on information in the latest version of
the NIR Tissue Test Database2 ). Growers applying only 10 Kg P/Ha have noticed declines
in yield, but those growers applying 20 kg P/Ha have not as yet detected decreases in yields.
The reserves of potassium in soils used to grow rice in Australia are, for the moment,
adequate to supply rice crops even with the very significant losses which occur during the
burning of stubbles.
Pasture – rice balance and soil N reserves
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Rice is generally grown in a rice-winter cereal - pasture which provides an opportunity to
raise soil nitrogen reserves.  But the recent survey of rice growers by Batten et al. indicates
that as many as 25% of rice crops are grown in a continuous rice management, rather that in
rotation with pastures or other crops.  A ratio of at least 1 year of legume pasture per rice
crop is required to accumulate sufficient N to balance removals of N by rice.  Hence the
practice of continuous rice production is not sustainable. Further calculations are needed to
determine long-term strategies which ensure soil nitrogen is adequate for rice crops.
Stubble burning
Burning is still the major method of stubble disposal for most rice growers (approx 80%) in
Australia.  It is the easiest and cheapest way to remove the very large amounts of stubble that
are commonly produced (often 10t/ha or more) but it is also responsible for a major "export"
of nutrients off farm.
In 1997 the equivalent of 15,000t urea, 6,500t single super and 30,000t sulphate of potash
was exported in this way by the rice industry. Unfortunately the nitrogen loss was via
"greenhouse" gases to the tune of 17,000t of nitrous oxide equivalents.
Rice stubble also contains 42% carbon, an estimated 650,000t in 1999.  The passage of this
carbon through the soil system is seen by many as beneficial to soil health. It is estimated that
burning results in the immediate conversion of 80% of this carbon to carbon dioxide that is
released to the atmosphere.  Stubble incorporation also results in large losses of carbon
(approximately 70%) as carbon dioxide via microbial respiration.  However, this still means
that 65,000t of stubble is lost through burning that would otherwise have formed long lasting
soil humus.  This extra 65,000 tonne of stubble results in an extra 150,000t of carbon dioxide
being released into the atmosphere as compared to a stubble retention management.
Stubble incorporation can significantly reduce the "export" of these valuable nutrients off farm
while helping to maintain soil health.  Further research is needed however to achieve this
economically. Implications for the incorporation of stubble on the rice disorder known as
straighthead  should be monitored (see papers by Kirkby,  Williams and Troldahl in this
proceedings).
CONCLUSION
This study indicates that rice cropping will only be sustainable in the short term with adequate
inputs of  N and P.  The rate of export of potassium and some micro elements needs to be
assessed in relation to the reserves of the plant available amounts of these elements in soils
used to grow rice.  It will be possible to estimate the number of crops which can be supplied
with nutrients by soils currently used to grow rice when a survey of rice soils by Gill (see this
proceedings) is completed.
References:
1. Batten, G.D., Blakeney , A.B. and Ciavarella, S. (2000)  NIR for improved fertilizer
predictions: update 2000.  IREC Farmers’ Newsletter (Large Area) 154, 36-3
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2.  Blakeney, A.B., Batten G.D. and Ciavarella, S. (1994).  An interactive database for
use with the rice tissue test service.  pp 477-484. In E Humphreys, EA  Murray, WS
Clampett and LG Lewin (Eds),  “Temperate Rice - achievements and potential” 
NSW Agriculture: Griffith.
3.  Marr, K.M, Batten, G.D.and Blakeney, A.B. (1995).  Relationships between
minerals in Australian brown rice.  J. Sci. Food Agric. 68, 285-29
4. Marr, K.M., Batten, G.D. and Lewin, L.G. (1999) The effect of nitrogen fertilizer on
yield, nitrogen and mineral elements in Australian brown rice. Australian Journal of
Experimental Agriculture 39, 873-880
5.  Kirkby CA (1999) Survey of current rice stubble management practices for
identification of research needs and future policy.  Draft report to  RIRDC.
6. Bacon, P.E. and Heenan, D. (1987) Nitrogen budgets for intensive rice growing in
Australia In “Efficiency of nitrogen fertilizers for rice” IRRI.
7. Simpson, J., Muirhead, W., Bowmer, K., Cai, G. and Freney, J. (1988) Control of
gaseous nitrogen losses from urea applied to flooded rice soils. Fertilizer Research
18, 31-47.
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Figure 1:  Average annual yields of paddy rice in Australia (T/ha @14% moisture)
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This paper reports data, which was collated as part of the Nutrient Balances of Regional
Farming Systems and Soil Nutrient Status, NLWRA Project.  The work was supported by
the CRC for Sustainable Rice Production and the Rural Industries Research and
Development Corporation through project DAN175.  Mrs Jan Hubatka and Susan
Ciavarella provided excellent help with data processing.
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Table 1. Nutrient balance sheet for a rice crop grown using industry average inputs of irrigation water (13.3 ML), and
fertilizers to produce an industry average yield of 9.3 t/Ha.  All nutrient figures are expressed as Kg element / Ha.
N S P K Mg Ca Cu Fe Mn Na Zn
INPUTS
Seed (150 Kg/Ha) 1.49 0.12 0.37 0.47 0.16 0.04 0.001 0.003 0.014 0.00 0.003
Fertilizer 120.00 3.50 4.60 0.00 0.00 3.60 0.000 0.000 0.000 0.00 0.015
Irrigation water (13.3ML) 4.60 18.00 0.67 3.86 15.30 24.50 * * * 42.40 *
Total Inputs 126.1 21.6 5.6 4.3 15.5 28.1 0.001 0.003 0.014 42.40 0.018
EXPORTS
Grain (9.3 t/Ha) 93.1 7.7 23.1 29.1 9.7 2.2 0.033 0.233 0.891 0.664 0.166
Stubble burning 57.0 5.4 2.4 97.0 8.0 13.5 * * * * *
N not accounted for 42
BALANCE
Stubble incorporated -9.0 13.9 -17.5 -24.8 5.8 25.9 -0.032 -0.230 -0.877 41.7 -0.148
Stubble burnt -66.0 8.5 -19.9 -121.8 -2.2 12.4 * * * * *
*insufficient data
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“Impacts of Stubble
Burning and
stubble
incorporation on
the sustainability of
rice production”
Clive Kirkby
CSIRO Land & Water
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C S I R O  L A N D  a n d  W A T E R
Manag i ng  Heavy
S tubbles
( towards  a  m in imum data  se t )
Clive Kirkby
CSIRO Land & Water
Griffith
Griffith
GRDC
Grains
research &
Development
Corporation
What the growers told me
l Heavy stubble loads on surface cause trouble
(machinery, water flow, seedling vigour)
l Incorporation in the past had not been successful
(dig it up 12 months later and it is still there)
l Worried about losing the match but definitely
want to get rid of the stubble
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Today's talk
l How project came about
l Our method of attack and why we chose it
l Our early results
l Things we still need to do
W hat I told them
l There is general agreement that stubble
retention improves soil health >  sustainability
l Improvements often do not flow to yield
Burn Incorp
hydraulic conductivity
(mm/hr)
15 50
runoff (mm/yr) 20 10
bulk density (g/cm3) 1.6 1.3
organic carbon (%) 0.55 0.8
WSA (%) 8 15
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W e  k n o w
l More stubble è more microbes è more
severe effects can be
l When food supply is gone microbes will die
l When microbes die deleterious effects will
be minimised
l Therefore give stubble every chance to
decompose adequately
B iological changes responsible
for poor crop response
l Increased food supply C increased microbe
                                          numbers/biodiversity
change in disease status
l Increased microbe nos C nitrogen taken from
soil
nitrogen tie-up
l Stubble decomposition C release of by-products
phytotoxicity
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What  m i c robes  need
l Surface retention è slow decomp è incorporation
l Intimate mixing è chop stubble
l Oxygen è incorporate near surface
l Water è not a problem here
l Temp è can’t do anything about it è give it
longer instead
l Incorporate as soon as possible after harvest è
also reduces ‘hiding places’ for other pests
What  I to ld them I wanted
l Chop stubble (100mm max)
l Thoroughly mix it with soil
l Incorporate it near surface (top 150mm)
l Incorporate as soon as possible after harvest
l Do it without destroying beds if possible
H o w  they did it
l Chop stubble after harvest
l When clearing furrows during bed renovation
adjust listers so that all stubble is thrown onto
top of beds
l Shallow rip centre of beds (farmer decision)
l Power harrow over top of beds to thoroughly
mix stubble and soil
l Light roller over top of beds (farmer decision)
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M ineral izable N i t rogen
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Is  Comp le te  Decompos i t i on
Neces sa r y
l Generally there are three decomposition stages
1  early loss of weight mainly caused by leaching of
water soluble fraction
2  fraction that decomposes over 1-12 month period
- largely cellulose
3  resistant fraction that persists in soil and has been
linked to soil structure - lignin type materials
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C e l lu lose  and d i sease
l Fresh potting media (cellulose rich) is Rhizoctonia
conducive
l Mature, partly decomposed potting media (cellulose poor)
is supressive to Rhizoctonia
l Mature potting media + cellulose added
becomes Rhizoctonia conducive
C e l lu lose and decopos i t ion
l Measuring cellulose in whole soil may give us a measure
of the decomposition of the “biologically active”
component of the stubble
l Knowing soil cellulose levels may in turn give us an
estimate of how potentially dangerous the remaining
stubble is
S ummary
l Biologically mediated deleterious effects of
stubble on following crops can be minimized by
“adequate” decomposition
l For heavy stubble loads this generally means
stubble chopping and incorporation
l Stubble MUST be intimately mixed with the soil
l Incorporation MUST be shallow (top 15cm), this
is where microbes are, good oxygen supply and
less destruction of lower soil structure
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Minimum Data Set
                      Stubble  (largely cellulose)
                            ß   (measure cellulose loss)
           changes in soil structure (moisture, strength)
               nitrogen availability
                      disease  (DNA probe, disease rating)
                   phytotoxins  (organic acids)
                            ß
                    Crop Yield
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“Changes in Soil
Fertility under rice
cropping”
Harnam Gill,
NSW Agriculture
Leader CRC Project 2.1.03
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CRC Project 2.1.3: Impact of the Australian Rice Farming Systems on the
Soil Sustainability
This project aims to:-
· Evaluate the long-term impact of the common rice farming systems on the
changes in important properties of  the prevalent soils; and
· Establish sites typical of the Australian rice farming systems for future
monitoring and quantitative assessment of changes in the soil properties
pertinent to sustainable rice productivity.
Soil samples collected from 137 sites in 1998/99 were analysed for total soil
C, N, and S (by LECO), pH, EC, total P, available P, and exchangeable
cations (Al+++, Ca++, Mg++, K+, and Na+). After considering precision and quality
control aspects of the analytical data it was decided that soil samples for total
soil C, N, and S need finer grinding. In addition, the analytical laboratory had
practical quantification limits (PQLs) higher than the values of these
parameters for most sub-soil samples. This requires their re-analysis by using
lower PQLs or more soil mass.
To accomplish set target in establishing appropriate sites; soil sampling work
was planned for areas that could not be sampled in 1998/99 rice season. In
the second half of 1999, soil samples from different rice paddocks within the
MIA and Murray Irrigation districts were collected. Soil samples were collected
by manual sampling using soil augers. A temporary technical assistant was
employed from 30 August 1999 to 14 January 2000 for the collection and
processing (drying and grinding) of soil samples. Unlike 1998, 1999 involved
more travelling and considerable stay in the Murray valley.
Each of the selected site, either a rice paddock or the cut and fill areas within a
paddock was sampled separately to collect a surface (0-10 cm) and a sub-
surface (10-30 cm) sample. Each sample is a composite of 20 samples drawn
from as many locations within a rice paddock or cut and fills areas. All the
sampling locations were also recorded by appropriate GPS equipment. In all,
378 soil samples were collected including 50 from a long-term experiment at
AR&AS, Deniliquin. All the soil samples after their collection were air dried
within two weeks of their collection. During December-January, air-dried soil
samples were grinded to pass through a 2-mm sieve. After a thorough mixing,
about a kg soil was later (Feb-Mar 1999) stored in high-density polyethylene
bottles for future use.
Considering precision on the analytical results of 1998 samples, about 100 g
of each sample collected this year was grinded finely to pass through a 250-
Fm sieve. Finely grinded soils will be used for analytical parameters that
require micro amount of sample (100-200 mg) for analysis. All the samples
were later submitted to analytical laboratory for analysis on pH, EC, total soil
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C, N, and S by LECO, exchangeable cations (Al, Ca, Mg, K, and Na),
available P, and important micronutrients (Fe, Mn, Cu, Zn). Arrangements are
also being made for analysis of total P.
Collection of information on history of rice paddocks sampled in 1998 and
1999 is in progress. Its collation with analytical parameters will be done this
year. Some of the analytical results on the soil samples collected in 1998 are
presented below regardless the variation due to different soils, cropping
systems, cut and fill areas etc.
TOTAL SOIL C, N AND S
Total soil C, a measure of organic matter in rice paddocks having little or no inorganic
carbon., was determined by LECO. Soil organic matter being a storehouse for supply of
essential plant nutrients especially N, P, S, and some micronutrients is also important for its
role on availability of most plant nutrients in the soils. Total C in surface (0-10 cm) soil of
rice paddocks ranged between 7.4 g/Kg or 0.74% on recently cut area of a rice paddock
to 4.22 g/Kg or 4.22% in the native woodland adjoining a rice paddock. Mean and median
were 17.2 (1.72%) and 17.3 (1.73%) respectively. Considering documented literature,
most sites are moderate in soil C.
Figure 1. Total soil carbon and its relationships to total soil N (s), S (n), and
C:N ratio (l).sites
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Total soil N was about 10 times lesser than the soil C levels in the surface
layer of rice paddocks. A highly significant relationship between total soil N
and C was observed and is presented below;
Total soil N = Total soil C x 0.0829 + 0.0942, r2 = 0.94*** (N =137)
However, the relationship between total soil C and S was not so good and is shown
below;
Total soil S = Total soil C x 0.00905 + 0.028, r2 = 0.58*** (N =137)
From these relationships, it is evident that N supplying capacity of the rice
paddocks is primarily dependent on the soil organic matter whereas organic
and inorganic constituents influence S supplying capacity. However, a poor
correlation between total soil C and C:N ratios of different rice paddocks
showed indicate  significant variation in N supplying capacity and its
availability.
Interactions among important soil properties need to be investigated for
quantitative estimation of changes in the soil organic matter levels of the rice
paddocks. Considering current use of nitrogenous fertilisers in rice and 50-
55% recovery of applied fertilisers, a further decline in the soil organic matter
can not be ruled out.
Soil Acidity
Another important aspect of this project is to assess impact of rice farming
systems on the soil degradation processes, if any. The soil pH is one of the
most widely used general parameter that measures intensity factor of the
acidity. Figure 2 shows moderate to high acidity in the surface (0-10 cm) layer
of most rice paddocks whereas sub-soil (10-30 cm) was comparatively much
better off. Measurements of pH in deionised water and 0.01 M CaCl2 solution
showed highly significant relationship (Figure 2). Their relationship for the
surface layer was better than the sub-surface one.
Surface (0-10 cm) soil pH in CaCl2 = pH in water x 1.034 - 1.058, r2 = 0.95*** (N
=137)
Sub-surface (10-30 cm) soil pH in CaCl2 = pH in water x 1.023 - 1.0087, r2 =
0.80*** (N =137)
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Figure 2. Relationship between soil pH measured in deionised water and 0.01
M CaCl2 solution
for the surface (0-10 cm n) and sub-surface (10-30 cm s) layers of
rice paddocks.
Soil pH measured in 0.01 M CaCl2 solution was 0.8-0.9 units less than its
measurement in deionised water. The range of pH values shown in Figure 2
indicate that productivity of crops especially legume grains or pasture when
grown in rotation with rice may suffer. However, rice productivity may not be
affected as it is grown under waterlogged conditions. In the presence of
adequate levels of soil organic matter, waterlogged conditions are known to
increase the soil pH significantly. These conditions also restrict nitrification
process that is known to acidify the soils. Thus, rice has a role in ameliorating
soil acidity to some extent.
Soil Salinity
Assessment of soil salinity, another constraint important for high water table
areas, by its measurement by electrical conductivity (EC) indicated that almost
all the sites were non-saline. More than 95% of sites had surface soil (0-10 cm)
EC1:5 less than 0.2 dS/m (Figure 3). Only one sample was saline. The EC of
the sub-soil (10-30 cm) was also not very high except few rice paddocks or
freshly cut areas. Waterlogging in rice also helps in ameliorating soil salinity
through leaching of soluble salts. In addition, there was no relationship
between EC and pH of the soil although trend lines in Figure 3 indicate an
increase in soil pH with increasing soil salinity in both surface and sub-surface
layers.
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Figure 3. Relationship of soil pH and EC of surface (0-10 cm n) and sub-surface (10-30 cm
s) soil in rice paddocks.
Future work
In 2000/01, after having data on all the samples being analysed for various analytical
parameters, a comprehensive data collation and investigations will be done to assess impact of
different rice farming systems on soil properties important for sustainable rice productivity.
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“Field Responses to
Phosphorous and
Zinc in rice”
Yash Dang
INCITEC Fertilizer Ltd
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Rice response to phosphorus and zinc
Yash Dang1, Charlie Walker2 and Graeme Batten3
1Incitec Fertilizers, Griffith, NSW, 2Incitec Fertilizers, Geelong Vic,
3Charles Sturt University, Wagga Wagga
In a nutshell
· Phosphorus increased paddy yield from 1-16% (average 7.9%) over nitrogen alone
· Zinc increased paddy yield from 1-9% (average 4.8%) over nitrogen and phosphorus
· Average net returns ($/ha) over nitrogen alone with various starter fertilizers were $122
for MAP,  133 for GL 12, $173 for GL 12Z Lite, $187 for GL 12Z and $160 for
SSP+Zn
A study conducted by the CRC for Sustainable Rice Production indicated that only 20% of rice
growers use phosphorus fertilizers in rice and that there has been a net export of 19.8 kg
P/ha/annum and 150 g Zn/ha/annum from rice fields. These results led to Incitec Fertilizers
evaluating phosphorus and zinc responses in rice in the 2000-01 season.
During 2000–01, Incitec Fertilizers conducted 15 trials at farmers’ fields in the
Murrumbidgee Irrigation Area, Coleambally Irrigation Area, Murray Valley and Lachlan
Valley to compare the efficiency of popular ‘starter’ fertilizers.
The soils where the trials were conducted ranged in pH (CaCl2) between 4.7 and 7.8, with
phosphorus levels (Colwell-P) 9-64 ppm, sulphur levels (MCP-S) 3-82 ppm and zinc levels
(DTPA-Zn) 0.2-2.3 ppm in the top 0-10 cm. The phosphorus and zinc treatments rates are
shown in Table 1.
The trails were a randomised block design with 2-3 replications of each fertiliser treatment.
Phosphorus (P) was applied at 20 kg P/ha through different fertilizers as given inTable1.
Table 1. Nutrient composition and amount of product applied
Product N (%) P (%) S (%) Zn (%) Starter
(kg/ha)
Urea
(kg/ha)
Urea 46.0 305
MAP (Starterfos) 10.0 21.9 1.5 91 285
Granulock12 11.5 17.0 5.5 115 275
Granulock 12Z Lite 11.5 17.5 5.0 1.0 115 275
Granulock 12Z 11.5 17.0 4.8 2.0 115 275
Incitec Super +Zn 8.8 11.2 1.5 225 305
Where zinc was applied, the rates were 1.2 and 2.4 kg Zn/ha with Granulock 12Z lite and
Granulock 12Z, respectively. Higher rates of zinc @ 3.3 kg Zn/ha were applied as zinc
blended with SSP.   All the starter fertilizers were applied at about 5 cm below the surface
of the soil.
Rice CRC Program 2.3 Review Report                                                                                                     Page 39
Table 2: Yield results for 15 trial sites set up throughout the rice growing area in
2000-01 investigating the response of rice crops to phosphorus and zinc
Site  Cultivar Colwell-P DTPA-Zn Paddy Yield @ 14% moisture(t/ha)
(mg/kg) (mg/kg) N NP NPS NPSZn 1% NPSZn 2%
NPSZn1
.5%
 Urea MAP GL 12 GL 12Z lite GL 12Z SSP+Zn
Griffith 1 Amaroo 40.0 1.9 11.61 12.35 12.61 - 12.85 -
Griffith 2 Amaroo 16.0 0.5 10.39 - 12.09 - 12.96 -
Forbes 1 Amaroo 9.0 0.3 7.90 9.02 9.04 - 9.45 -
Hay 1 Amaroo 13.0 2.3 8.73 9.45 9.65 9.73 9.77 9.68
Griffith 3 Langi 40.0 0.6 9.33 - 9.42 - 9.98 -
Tabbita 1 Langi 15.0 1.8 9.27 10.30 10.39 10.47 10.51 -
Yenda 1 Langi 43.0 0.5 10.27 10.43 10.49 10.80 10.85 10.81
Leeton 1 Langi 24.0 0.3 9.06 9.78 9.93 10.34 10.47 -
Yanco Langi 26.0 2.1 9.70 10.31 10.39 10.70 10.69 10.40
Coleambally 1 Langi 34.0 0.8 10.62 10.98 11.11 11.83 11.85 11.48
Coleambally 2 Langi 14.0 0.2 10.59 11.37 11.37 11.83 12.15 -
Deniliquin 1 Illabong 10.0 0.3 8.87 - 9.05 9.15 9.90 -
Jerilderie 1 Illabong 36.0 0.5 11.05 11.95 11.65 12.15 - -
Jerilderie 2 Opus 26.0 0.3 11.29 12.98 12.95 13.35 14.17 13.65
Wakool 1 Namaga 24.0 0.4 12.87  - 13.16  - 13.27  -
There was an additional treatment that received nitrogen alone @ 140 kg N/ha.  The
amount of nitrogen fertilizer in various starter fertilizers was balanced in all the treatments to
achieve an initial application rate of nitrogen at 140 kg N/ha. The remaining nitrogen was
applied as urea banded at 10 cm deep at 15-20 cm spacings.
Rice varieties Amaroo, Langi, Illabong, Opus and Namaga were aerially sown during
October 2000.
TRIAL RESULTS
Phosphorus improved seedling vigour and dry matter yield at panicle initiation stage in all the
starter fertilizers treatments. Tillering and yields were severely reduced where no phosphorus
was applied.
The response of the crop to phosphorus, supplied as Granulock 12, compared to nitrogen
alone (supplied as urea) ranged from 4–30% (average 13.9%) in terms of dry matter yield
at panicle initiation; and 1-16% (average 7.9%) in terms of paddy yield.
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In general, Granulock 12 gave slightly better rice yields than MAP, which could be due to
the higher sulphur contents in the former (Table 2).
Although, among the various starter fertilizers the highest paddy yields were obtained with
Granulock 12Z, the increase in paddy yield from applied zinc @ 1.2 kg/ha to 2.4 kg/ha was
marginal indicating that application of 1% zinc through Granulock 12Z lite may be sufficient
to meet the zinc requirement of rice.
Higher rate of zinc applied at 3.3 kg/ha through SSP+Zn1.5% yielded lower than Granulock
12Z indicating that zinc applied as blended with SSP may have caused segregation of zinc
fertilizer from carrier source resulting in uneven distribution of zinc.
The decrease in the percent response to applied phosphorus and zinc from panicle initiation
to final harvest could be due to the release of phosphorus and zinc from soil reserves during
the period which may be associated with high temperature experienced this year.
NET RETURNS
The average net return in 15 trials with the application of phosphorus fertilizers over nitrogen
alone was $122/ha with MAP and $133/ha with Granulock 12 (Figure 1). At most of the
sites, the increase in net returns with Granulock 12 over MAP was probably due to higher
sulphate sulphur in Granulock 12 suggesting that rice require external application of S. The
application of zinc through Granulock 12Z lite (1% zinc) increased the net profit to $173/ha.
Although the average net returns with the application of Granulock 12Z increased to
$187/ha, this increase was evident at only a few sites. The net return with the application of
blended SSP and zinc (1.5% zinc) were only $160/ha, suggesting that the application of 1.2
kg/Zn may be sufficient to achieve maximal or near maximal returns in rice by a choosing
right starter fertilizer.
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SOIL ANALYSIS DEVELOPMENT
Soil analysis to predict phosphorus and zinc requirement of rice, suggested that the existing
soil analysis methods including Colwell-P and DTPA-Zn were unsatisfactory. In
collaboration with Queensland Department of Natural Resources, Incitec is working on a
new soil extraction method for both P and Zn.  The preliminary results shows promise.
Acknowledgment:
Incitec wishes to thank Peter Blenkirons, Ian Braithwaite, Ken Brian, David Brunt, Ian
Bryce, Warren Carlon, Russell Ford, Ian Payne, Rod Hanslow, Andrew Hicks, John
Houghton, Graeme Moon, Garry Owen, Peter Draper and David Star for giving an
opportunity to put trial at their properties.  Thanks are also due to Brian Dunn for helping
with the trials and Rice CRC for supporting a summer student (Ms Fiona McCartney)to
carry out sampling at the panicle initiation stage.
Further information about the trial contact Yash Dang on 02 6964 6242 or 0427 017 287
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“Inducing
straighthead in the
glass house”
Robert Williams
NSW Agriculture
The mystery of
“Straighthead”
Rob Williams, Rebecca Helsom
and Greg Napier
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What is Straighthead?
    A physiological
condition causing
abnormal floret
formation,
sterility and low
yield
Occurrence
• High organic matter
• Warmer seasons
• Worse at low N inputs
• Long grains are more susceptible
• Can be induced by arsenic
Parrot beaking
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O N 15O N 
Hypothesis
• Straighthead is induced by toxicity
from low redox products
• Possibly Mn2+ toxicity
Glasshouse experiment
• 4 Soils (No fertiliser was added)
– 2 straighthead soils, one low redox
soil and a Yanco control
• 3 Carbohydrate additions
– Nil, Sugar, Straw
• 2 levels of MnO2 addition
• Amaroo and Doongara in each pot
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Measurements
• Maturity plant weight, harvest
index, sterility and straighthead
score
• Redox potential was logged during
the vegetative and grain filling
stage
Plant response
• A wide range of straighthead
symptoms were observed
Plant response
• A wide range of straight head
symptoms
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Severe straighthead
Straighthead score (1-9)
1  0% flat
2  10-20 % flat
3  20-40% flat
4  41-60% flat
5  61-80% flat
6  81-100 %flat
7  Deformed florets
8  Partly emerged
9  Not emerged
Plant Response
• Doongara was more damaged
than Amaroo
• No effect of Mn
• Significant Soil x Carbohydrate
interaction
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Hypothesis
• Straighthead induced by toxic
products in low redox soils
• Possibly Mn2+ toxicity
• Mn has no role in inducing
straighthead
• What about redox?
Nil Straw Sugar
Picolli 2.0 1.9 1.9
Yanco 2.0 2.0 2.1
McCaughey 1.9 2.1 2.4
Jerilderie 2.5 3.7 4.9
AMAROO
LSD = 0.7
Nil Straw Sugar
Picolli 1.9 1.9 1.8
Yanco 3.3 4.4 4.7
McCaughey 1.8 4.3 4.6
Jerilderie 5.5 8.5 8.3
DOONGARA
LSD = 1.4
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Measuring soil redox
• Use Platinum electrode
• Technique is difficult
• Options include
– Direct soil measure
– Measure soil-water solution
– Measure 1:1 soil extract
Measure redox
Nil Straw Sugar
Picolli -479 -426 -465
Yanco -382 -421 -370
McCaughey -394 -409 -413
Jerilderie -413 -438 -425
Redox Potential (m V)
Mean Value from steady state to PI
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Conclusion
• Good evidence that straighthead is
induced by low redox potential
• Mn ions is not a causal agent
• More than just redox potential,
another agent is implicated!!
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Possible other agent!
• Yu Tian-Ren (1985)
• “…there is evidence that a strong
reducing condition is toxic to rice
growth. At present a controversy about
the principle causes of the toxicity still
exists…    ...  the toxicities of ferrous
iron and hydrogen sulphide seem to be
the more important ”
New Hypothesis that needs
testing
• Straighthead soils can be
identified prior to planting based
on redox of incubated soil
• Straighthead soils can be
identified at early December,
based on paddock soil redox
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“Minerals in grain
of Australian rice
and in samples
affected by
“straighthead”
Phillip Williams, Ricegrowers’ Limited
Leader CRC Project 2.3.03
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1998 Samples
§ Collected from grower deliveries
§ Included only commercial varieties
§ Included major rice growing areas of NSW
§ Samples dried & milled by RCL Appraisals lab
§ Whole grain samples provided to lab for analysis
§ Analysis by AGAL Sydney
1999 Samples
§ Samples collected in field from crops with SH symptoms
§ ‘near’ straighthead samples collected from the same crop in an
area near by not showing symptoms of SH
§ samples dried & Milled in lab at Yanco
§ Samples ground at Yanco
§ Ground grain samples provided for analysis
§ Analysis by AGAL Sydney
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Minerals in Rice Samples affected by "Straighthead"
1999 1999 1998 1998
Brown Rice Brown Rice 
Straighthead Near Straighthead Brown Milled 
No. samples 18 16 24 24
Al mg/kg 4.9 2.8 0.8 0.04
As (total) mg/kg 1.5 0.73 0.32 0.31
As (inorg) mg/kg 0.19 0.14 0.09 0.06
B mg/kg 1.7 1.2 0.9 0.4
Cd mg/kg 0.0 0.0 0.0 0.0
Ca mg/kg 94 94 91 46
Cr mg/kg 0.0 0.0 0.1 0.1
Cu mg/kg 2.0 2.0 2.7 2.1
Fe mg/kg 14 9.9 11 2.5
Mg mg/kg 1490 1290 1090 220
Mn mg/kg 35 35 38 12
Hg mg/kg 0.0 0.0 0.0 0.0
Mo  mg/kg 0.75 0.83
Ni mg/kg 0.47 0.22
P mg/kg 3500 3010 2770 930
K mg/kg 3000 2920 2850 921
Se mg/kg 0.06 0.06 0.1 0.1
Na mg/kg 27 22 26 13
S mg/kg 790 720
Zn mg/kg 25 17 17 12
Rice CRC Program 2.3 Review Report                                                                                                     Page 54
Copper
0.0
0.5
1.0
1.5
2.0
2.5
3.0
Straighthead  near
Straighthead
Brown Milled 
m
g
/k
g
Total Arsenic
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
Straighthead  near
Straighthead
Brown Milled 
m
g
/k
g
Aluminium 
0
1
2
3
4
5
6
Straighthead  near
Straighthead
Brown Milled 
m
g
/k
g
Rice CRC Program 2.3 Review Report                                                                                                     Page 55
Aluminium 
0
1
2
3
4
5
6
Straighthead  near
Straighthead
Brown Milled 
m
g
/k
g
Inorganic Arsenic
0
0.05
0.1
0.15
0.2
Straighthead  near
Straighthead
Brown Milled 
m
g
/k
g
Rice CRC Program 2.3 Review Report                                                                                                     Page 56
“Minerals in grains
matured in the
panicle culture
system”
Tina Dunn,
NSW Agriculture
CRC Project 2.3.02
Rice CRC Program 2.3 Review Report                                                                                                     Page 57
Minerals in Grains Matured in the
Panicle Culture System
Tina Dunn
Graeme Batten
NSW Agriculture
Introduction
• Rice is the staple food in many countries
• In many instances the people consuming
  rice are nutritionally deprived
• As a staple food, rice is relied upon to
  provide proteins and many essential
  minerals
T h e  q u e s t i o n  a r i s e s :
C a n  w e  m a n i p u l a t e  p r o t e i n  a n d  m i n e r a l
c o n t e n t  o f  t h e  g r a i n ?
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Aim of this study
• To develop a panicle culture method
   suitable for rice
• Investigate protein and mineral content of
   the cultured grain compared to field grain
• Preliminary investigation of low phytic  acid
   rice
Panicle  Cul ture  Method
• Panicles tagged in the field at  anthesis
• 10 days after anthesis panicles detached
• Flag-leaf blade removed at the auricle
• Stems recut 2cm below top node
• Panicles placed in a test tube with 50 ml
  culture media (Donovan and Lee, 1977)
The Culture System
12 hr light / 12 hr darkness cycle
Water bath 1-2oC
Room temp 26/16oC
Thermomix
Rice CRC Program 2.3 Review Report                                                                                                     Page 59
Aim of this study
• To develop a panicle culture method
   suitable for rice
• Investigate protein and mineral content of
   the cultured grain compared to field grain
• Preliminary investigation of low phytic acid
   rice
Nitrogen Study
• Amaroo
• 6 reps
• 5 Nitrogen treatments
• 0, 2, 4, 8, 16g glutamine/L
• Field samples used as a comparison
Grain protein (%)
Glutamine (g/L media)
P
ro
te
in
 (
%
)
0
10
20
30
40
20 4 8 16 field
  l.s.d. 
(P<0.05)
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Glutamine (g/L media)
G
ra
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 w
t.
 (
m
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0
5
10
15
20
25
0 2 4 8 16 field
  l.s.d. 
(P<0.05)
 Grain weight
Grain protein (mg/grain)
Glutamine (g/L media)
P
ro
te
in
 (
m
g/
gr
ai
n
)
0
1
2
3
4
20 4 8 16 field
  l.s.d.  
(P<0.05)
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So what does this mean ?
0g             2g             4g             8g             16g 
g Gln/L
Field
0.34
mg  protein
1.56
2.62
3.70
2.30 1.70
Grain weight (mg)
10.217.210.9 6.4 23.415.1
Mineral Study
• Amaroo (sown in field 28-12-99)
• 5 reps
• 6 harvest times (7 day interval)
• Standard media (2g glutamine/L)
• Field samples used as a comparison
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Amaroo - Brown Grain Weight
Days Post Anthesis
10 20 30 40 50 60
D
ry
 W
ei
gh
t 
(m
g/
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ai
n)
0
5
10
15
20
25
Field 
Panicle Culture 
  l.s.d.
(p<0.05)
Grain Moisture (%)
Days Post Anthesis
0 10 20 30 40 50 60 70
B
ro
w
n
 G
ra
in
 M
oi
st
u
re
 (
%
)
0
20
40
60
80
Field 
Panicle Culture 
  l.s.d.
(p<0.05)
Composition of Cultured and Field
Matured Amaroo Grain
Grain weight (mg)
Nitrogen (%)
Sulphur
Phosphorus
Potassium
Magnesium
Calcium (mg/kg)
Manganese
Zinc
Cultured
16
1.87
0.13
0.35
0.38
0.11
130
  46
    8
Australian
 crops range *
0.09 - 1.46
0.08 - 0.11
0.24 - 0.31
0.21 - 0.30
0.10 - 0.13
30 - 110
25 - 60
13 - 21
Field
20
1.25
0.10
0.31
0.29
0.11
99
52
16
lsd
6
0.12
0.01
0.04
0.04
0.01
36
13
4
* Based on data from Marr et al. 1995 (Relationships Between Minerals 
in Australian Brown Rice)
Rice CRC Program 2.3 Review Report                                                                                                     Page 63
Aim of this study
• To develop a panicle culture method suitable
   for rice
• Investigate protein and mineral content of
   the cultured grain compared to field grain
• Preliminary investigation of low phytic
   acid rice
Phytic acid
• Phytic acid accounts for approx. 70% of total
  phosphorus in rice grains and is an antinutrient
• Low phytic acid (lpa) mutant plants are being
   investigated as a way of overcoming
   nutritional deficiencies
• lpa mutants have the same total P but an
   increased percentage stored as inorganic
   phosphorus
Low Phytic Acid Study
• 2 Genotypes
• Kaybonnet
• Kaybonnet mutant (lpa-1)
• 6 reps
• 3 Phosphorus rates
• Nil P
• P (standard)
• 2 x P
• Glasshouse samples as comparison
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Phosphorus
Nil P P 2 x P Glasshouse
P
ho
sp
ho
ru
s 
(u
g/
gr
ai
n)
0
10
20
30
40
50
60
Kaybonnet
Lpa
  l.s.d.
(p<0.05)
Composition of Kaybonnet, Lpa
and Glasshouse Grains
Grain
weight (mg)
N (%)
S
P
K
Mg
Ca (mg/kg)
Mn
Zn
NilP
 
12
1.21
0.14
0.22
0.26
0.10
182
  39
  30
 P
15
1.47
0.12
0.28
0.29
0.11
193
  33
  24
NilP
11
1.56
0.17
0.24
0.28
0.10
179
  35
  27
P
14
1.53
0.12
0.32
0.32
0.11
142
  28
  22
Kaybonnet lpa-1
 2xP
15
1.57
0.11
0.34
0.31
0.11
140
  28
  23
2xP
14
1.49
0.12
0.34
0.33
0.11
115
  24
  23
Glasshouse
Lsd
  1
0.15
0.01
0.03
0.03
0.01
  58
    4
    3
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Composition of Kaybonnet, Lpa
and Glasshouse Grains
Grain
weight (mg)
N (%)
S
P
K
Mg
Ca (mg/kg)
Mn
Zn
NilP
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140
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1.56
0.17
0.24
0.28
0.10
179
  35
  27
P
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1.53
0.12
0.32
0.32
0.11
142
  28
  22
Kaybonnet lpa-1
 2xP
15
1.57
0.11
0.34
0.31
0.11
140
  28
  23
2xP
14
1.49
0.12
0.34
0.33
0.11
115
  24
  23
Glasshouse
Lpa-1
15
1.71
0.14
0.34
0.33
0.13
118
  27
  44
Lsd
  1
0.15
0.01
0.03
0.03
0.01
  58
    4
    3
Composition of Kaybonnet, Lpa
and Glasshouse Grains
Grain
weight (mg)
N (%)
S
P
K
Mg
Ca (mg/kg)
Mn
Zn
NilP
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1.21
0.14
0.22
0.26
0.10
182
  39
  30
 P
15
1.47
0.12
0.28
0.29
0.11
193
  33
  24
Kayb.
17
1.20
0.12
0.24
0.27
0.10
140
  31
  37
NilP
11
1.56
0.17
0.24
0.28
0.10
179
  35
  27
P
14
1.53
0.12
0.32
0.32
0.11
142
  28
  22
Kaybonnet lpa-1
 2xP
15
1.57
0.11
0.34
0.31
0.11
140
  28
  23
2xP
14
1.49
0.12
0.34
0.33
0.11
115
  24
  23
Glasshouse
Lpa-1
15
1.71
0.14
0.34
0.33
0.13
118
  27
  44
Lsd
  1
0.15
0.01
0.03
0.03
0.01
  58
    4
    3
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Conclusions
• Panicle culture system works well for
manipulating amount of protein and minerals
in the grain
• Need to achieve grain weight similar to that
of the field
• Low phytic acid rice accumulates
concentrations of minerals similar to
Kaybonnet
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COMPOSITION OF CULTURE MEDIA
Major elements
Ca Cl2.2H2O
K2HPO4
MgSO4.7H2O
Minor elements
H3BO3
MnSO4.4H2O
ZnSO4.7H2O
KI
Na2MoO4.7H2O
CuSO4.5H2O
CoCl2.6H2O
Na2EDTA
FeSO4
myo-Inositol
Thiaminiumdichlorid
Sucrose
Salt (gL-1)
0.20
0.40
0.37
Salt (mgL-1)
6.20
22.30
10.30
0.83
0.25
0.25
0.25
14.90
11.14
100
0.80
20000
Final media
concentration (mM)
1.361
2.296
1.501
0.100
0.100
0.036
0.005
1.033 x 10-3
1.001 x 10-3  
1.051 x 10-3
0.040
0.040
0.555
2.372 x 10-3 
0.058
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“Fe and Zn
manipulation of
Australian rice”
Rob Duncan
Postgraduate Student Rice CRC (now with Heritage Seeds Pty Ltd,
PO Box 81, Howlong, NSW)
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Iron and Zinc in Rice
Rob Duncan
CRC for Sustainable Rice
Production
&
The University of Sydney
...Background continued ...
• ‘Hidden Hunger’
– Affects over half the world’s population
(40% Fe deficient);
– Principally Fe, Zn, I, Vitamin A;
– Also Se, Cu, B, Mn, Cr, Li, vitamin E, B-
complex vitamins and others;
– intrinsic seed fortification may be the best
approach to preventing Fe and Zn
deficiency in human populations.
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Outline
• Time course pattern of mineral and dry
matter accumulation in brown rice.
• Response of brown rice iron (Fe) and zinc
(Zn) concentration to foliar-applied Fe and
Zn.
• Detached rice panicles in solution culture to
manipulate brown rice Fe and Zn
concentration.
Time-course pattern of mineral and dry
matter accumulation in brown rice.
• Why?
– Do minerals accumulate in the developing
brown rice in synchrony throughout grain
filling?
– What is the critical time during which minerals
are loaded into the developing grain?
• Therefore:
– At what stage is intervention (eg foliar
fertilisation) most likely to be effective?
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Dry weight accumulation in the brown rice 
and hulls of cv. Langi during grain filling.
Days after Anthesis
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Iron content of brown rice
during grain filling.
Days after Anthesis
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Zinc content of brown rice
during grain filling.
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Days after anthesis
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Days after Anthesis
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Conclusions
• Mineral and dry matter uptake were not
synchronous;
• Generally, mineral concentrations
decreased initially even though their rate
of accumulation was highest during this
time;
• Except Mn, the majority of uptake of
minerals and dry matter occurred within
the first 16 days after anthesis;
….conclusions continued ….
• Uptake of Mg, P and S continued after dry
matter accumulation had ceased;
• Mg and P accumulation were highly
correlated.
Rice CRC Program 2.3 Review Report                                                                                                     Page 74
Response of brown rice Fe and Zn
concentration to foliar-applied
Fe and Zn
• Aim:
– to determine whether foliar application of Fe
and Zn during grain filling increases their
concentration in the grain at maturity.
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Response of brown rice grain weight
to foliar Fe application
Langi Namaga
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to foliar Fe application
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Response of brown rice grain weight
to foliar Zn application
Langi Namaga
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Response of brown rice Zn concentration
to foliar Zn application
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Response of brown rice Zn content
to foliar Zn application
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Conclusions
• Fe and Zn, applied as foliar sprays to rice
during grain filling, were absorbed into the
plant, transported to, and taken up by the
developing grain.
• These results are consistent with phloem
mobility of Fe and Zn.
• Rice grain has the capacity to accumulate
higher concentrations of Fe and Zn than
typically occurs under field conditions.
General Conclusions
• The majority of dry matter and mineral
accumulation occurs during the first 16
days after anthesis.
• Further research will be necessary to
realise the potential for increasing the
micronutrient density of rice.
• It is possible to increase brown rice Fe and
Zn concentration.
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“Implications of
minerals to healthy
rice crops”
Lindsay Campbell, The University of Sydney
CRC Project 2.3.04
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Minerals for healthy rice crops
ß Macronutrient mining occurs with high
yielding rice crops
ß Generally sufficient micronutrients in soil for
sustainable rice cropping but these
micronutrients may not be available for plants
ß Should rice farmers apply more
macronutrients and at what time?
ß Are rotation crops important for restoring the
soil nutrient balance?
Minerals for healthy rice crops
ß What is the future of stubble burning on the
environment and for nutrient cycling?    N-tie
up, N volatization, N&S losses, K transport,
micronutrient complexation in residues
ß Stubble management v disease management
v phytotoxicity: a compatibility problem
ß Evidence that rice cropping has depleted the
soil P bank.   What soil test is appropriate?
Minerals for healthy rice crops
ß Responses to fertilizers: N, P and Zn have
positive benefits.     Does hidden hunger
exist?    Should we look for other nutrient
imbalances and responses?
ßWhat are the merits of field and greenhouse
experiments?
ß Have interactions between P and Zn been
adequately addressed?
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Minerals for healthy rice crops
ß Straighthead: an old problem that has
reoccurred.     The evidence for causes of this
disorder include:
ß Environmental factors - most likely with a strong GxE
component
ß High soil organic matter/residues cf stubble retention
ß Soil redox effects with unknown physiological
implications
ß As?   It does in parts of the US
ß Nutrient limitations to the grain - how, where, when
and why?
Minerals for healthy rice crops
ß Straighthead: new insights
ß High Al but is this artefactual? Zn, Cu growth
dilution?  B is low overall.   Quality reduced?
ß Are surveys the correct tool to assess minerals in
straighthead affected crops?
ß The necessity of early diagnosis of the disorder
ß Translocation rates of minerals to developing grain
may provide some clues for this disorder
ß  A cost/benefit study may indicate the importance of
this problem to individuals, to the industry and to
international markets
Minerals for healthy rice crops
ß
 Detached panicles can transport minerals to
developing grain
ß
 What is the mechanism for mineral transport
to grain in detached panicles?
ß Why are concentrations of some minerals less
in detached panicles than ‘normal’ panicles?
ß
 Should detached panicles be used for cold
damage studies
ßWhat is the role for low phytic acid lines?
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Minerals for healthy rice crops
ß Iron concentrations in grain can be increased
by foliar fertilization
ß Iron concentration in the grain is a genotypic
response
ß Grain may be less responsive to applied zinc
than iron
ß Forms of applied Zn and Fe need to be
evaluated
Minerals for healthy rice crops
ß Growing rice plants hydroponically: a
nutrient solution is required
ß Results demonstrate clearly huge differences in
growth of plants grown on different published nutrient
solutions for rice
ß Do genotypes respond equally well to the same
solution?   Cf nutrient efficiencies
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Minerals for healthy rice crops
ß  Time course of accumulation studies indicate
that uptake into the grain occurs largely in the
early stages of grain filling
ß  Nutrient uptake patterns are not the same for
all nutrients
ß  Further studies based on these studies must
be done for nutrient enriched grain
(marketing), timing of fertilizer application
(farmer) and understanding translocation
Minerals for healthy rice crops
ß  Ross Welch will enlighten us on our
endeavours to date
ß  What are the strengths of to the program?
ß  Where are the limitations?
ß  What future directions should be taken?
ß  What are the goals for mineral nutrition for
Australian rice crops?   Agronomy, breeding,
quality, human health……   Over to you Ross
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Professor Ross Welch, Plant Physiologist (USDA-ARS US Plant, Soil & Nutrition
Laboratory) and Professor of Plant Nutrition (Dept of Crop and Soil Sciences,
Cornell University, Ithaca, NY)
Professor Welch commenced his address with: “Ask yourself ‘is sustainability an issue’”.
As the Rice Industry wishes to continue and be viable, then Professor Welch was quite
adamant that the approach to rice farming will have to change.    Rice production can lead to
soil degradation and thus poor yields and quality.  Therefore there is a need to include
cropping systems experts in the program.  The enlarged team should work with rice growers
to assess what is feasible within the constraints of the region, In particular, it was stressed
that rotational crops or pastures in the rice system must be further developed and integrated
to ensure that the system is sustainable.
Zinc Deficiencies
Zinc has a function to stabilise all membranes.  The consequences of zinc deficiencies are
that roots become leaky, nutrients are lost and undesirable elements, such as sodium, are
taken up more easily by the plant.  With adequate zinc, the risk of pathogens on roots is
reduced.
Zinc deficiency is often known as hidden hunger.  The zinc status at subclinical levels is not
readily detectable by tissue analysis or by soil testing.  Professor Welch believes that a
strong genotype X environment interaction is highly likely to occur in rice crops suffering
hidden hunger (Zn deficiency).  Zn fertiliser may not correct the problem unless it is
delivered in a suitable form.  Timing and method of application are likely to influence the
response.
Yash Dang noted that some growers had tried to apply both phosphorus and zinc fertilizers
in experimental plots.  It was found that P must be incorporated into the root zone to reduce
problems with algae.  Professor Welch said that further work on P and Zn was warranted.
He said that future studies should also consider the influence of the type of fertilizer (viz zinc
sulphate v zinc oxide) and the method and timing of application on availability.
Straighthead
Professor Welch said on the basis of his experience that copper deficiency was the most
likely relayed cause of straighthead.  Firstly, he argued that the symptoms of the disorder
were consistent with reduced or negligible phloem transport of the nutrient.  Candidate
nutrients were Ca, Cu and B; all of which are present as ions which are immobile or partly
immobile in this situation.
Professor Welch further argued for copper being the limiting nutrient by explaining that
copper is taken up in the Cu form whereas the Cu+ form is not taken up by plants.  The
mode of action of copper uptake is that copper is complexed to phytometallophores (non-
protein amino acid complexes which have a strong affinity to bind Cu ions).  The copper
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metallophore is the compound which is moved across the membrane and into the plant root.
As there are strong reducing conditions in flooded rice soils, the redox potential of the soil
increases resulting in reduction of the Cu to Cu.  Thus the potential for copper uptake is
reduced due to the low concentration of Cu ions in solution.
In addition, Professor Welch cited the work of Hill, Loneragan and Robson who suggested
that nitrogen affects copper mobility in wheat.  At different levels of nitrogen nutrition,
copper deficiency problems may be enhanced or diminished.  Professor Welch suggested
that further work on copper and other phloem immobile nutrients would be worthwhile.
Phytate
Phytate in the digestive tract of monogastric animals (including humans) can bind nutrients
including calcium, iron, zinc and copper rendering them unavailable.  Thus it has been argued
that phytate is undesirable.  However, Professor Welch said that recent research had found
beneficial effects of phytate on human health.  In his seminar Professor Welch presented
data showing that phytate has anti-carcinogenic effects in humans.
Professor Welch reminded us that all angiosperms produce phytate.  He argued that the
phytate acts as a store of mineral nutrients for germinating seeds.  Thus reducing the amounts
of phytate, as in the lpa mutant lines, may reduce seedling vigour if there is a rapid loss of
mineral nutrients from the seed to the soil during germination.
Foliar applications of trace elements
If foliar sprays were used as a method to deliver nutrients, then this work should be done in
close conjunction with rice breeders to assess possible differences in genotypic efficiency of
uptake and utilization.
Professor Welch noted that the use of chelated nutrients to cereal crops in Turkey had
produced mineral dense grains.  As a consequence, subsequent crops could be established
from lower rates.
Professor Welch explained the need to involve consumers and link them with the programs
aims.  Consumers are interested in health issues.  Professor Welch said that the health profile
of agricultural products needs to be raised.  Ultimately, this will provide better returns to
farmers.
Professor Welch’s comments prompted discussion on various issues pertaining to
sustainability and the quality of rice grown in Australia which led to the conclusions and
recommendations which now appear in the Executive Summary of this report.
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Straighthead Disorder in Rice
Straighthead, also known as “parrot beaking”, is a physiological disorder of rice causing
sterility of the rice panicle. Straighthead has been recorded in NSW rice crops since the
1960’s and the full extent of the disorder is unknown as it is often confused with cold weather
sterility.
There is no known cause of straighthead but it is thought to be related to soil conditions and
is not seed borne or transmitted around the farm.
Symptoms
• Sterile heads with misshapen hulls - “Parrot Beaking”
• Upright panicles
• Missing grains
• Heads small and “caught in the boot”
• Very late tillers
Occurrence
Straighthead typically affects small areas of a
crop but it can affect the whole paddock causing
yield losses of up to 90%. The disorder will often
re-occur in the same paddocks or the same
areas of a paddock.
Control Strategies
The impact of straighthead can be reduced by:
• applying higher nitrogen rates at sowing
• draining the rice for 10-14 days prior to Panicle
Initiation
• reducing organic matter
Program 2 - Sustainable Production Systems
Severe
straight head
Unaffecte
d panicle
